The new MPD method, described recently, has been appliedto the adsorption of benzene + 1,2-dichloroethane vapours by a typical activecarbon at 293 K. A total of 102 experiments have been carried out for adsorbed mole fractions between 0.06 and 0.94.Goodagreement wasfoundbetweenthe experimental and calculated values of the selectivity of the carbon for.benzene, which decreased as the mole fraction of benzene increased. This variation reflects the heterogeneity of the carbon, which is taken into account by the DR equation. Although theliquidmixture is ideal,deviations from Raoult'slaware observed in the adsorbed state, indicating a clear preference for benzene. The values of the activity coefficients obtained from the liquid/solid equilibrium improve the fit of the MPD method.
INTRODUCTION
As shown recently by Lavanchy et al. (1996) , the binary adsorption of vapours in active carbons can be described bya combination of the theories of Myers-Prausnitz andDubinin (MPD). Results have already been reported for the static adsorption of the system chlorobenzene + carbon tetrachlorideby a typical industrial active carbon at 298 K.Thissystem had beenchosen in view of the largedifferences between the vapour pressures of the twocomponents (a ratioof 1:10near298 K), whichrepresents a realistic case in industrial filtration.
The MPD formalism has also been applied successfully to the calculation of the dynamic adsorption of different systems by active carbon beds and an excellent agreement has beenfound between the experimental and calculated breakthrough curves (Lavanchy and Stoeckli 1997) .
In order to extend our study of binary adsorption within the framework of MPD and to test the experimental technique, we examined the system benzene + 1,2-dichloroethane adsorbed by a typical active carbonat 293 K. This system waschosen in view of the fact that the liquidmixture is almost ideal near room temperature (Coulson et at. 1948; Kipling and Tester 1952) . Moreover, Blackburn et at. (1957) determined the surface activity coefficients of this mixture on the basisof adsorption from the liquidstate, measured earlierby Kipling andTester (1952) . These experiments corresponded to the limiting case where the micropores are completely filled by the adsorbed mixture. On the other hand, adsorption from the vapour phase usually corresponds to an incompletefilling of the micropores, buta comparison canstillbemadewiththeliquid/solid equilibrium.
As described below, at low concentrations the activity coefficients in the adsorbed state, y, are smallerthan unity for bothcomponents, which reflects the influence of the carbonon the system. This has been observed for adsorption from the liquid and the vapour phases (Minkaand Myers 1973; Costa et at. 1981; Myers 1983) .
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THEORETICAL
F. Stoeckli et a/.lAdsorption Science & Technology Vol. 15 No.9 1997 As shown by Myers and others (Myers and Prausnitz 1965; Van Ness 1968; Valenzuela and Myers 1989) , the adsorption equilibrium of different species requires that the following integrals of the individual isotherms nj(p) must be equal, pO;
'Yi(pO;) =f n;(p)/p dp o (1)
By analogy with the case of liquid mixtures, the vapour pressure of an adsorbed component i, Pi' is related to the pressure po; through
(2) where x a; is the mole fraction of i in the adsorbed mixture and 1'; is the corresponding activity coefficient. The pressure po; depends on the total amount adsorbed and becomes equal to the saturation pressure Psi when the whole micropore system is filled by the adsorbed mixture. Under these circumstances, the equilibrium between the adsorbed mixture and the liquid leads to
(3)
In the case of microporous solids, the most convenient isotherm is given by the Dubinin-Astakhov equation (Dubinin 1989; Stoeckli 1995) ,
where A =RT In(p/p). The quantity N a (usually in mmol/g of solid) is the amount adsorbed at pressure p and N ao is the limiting amount adsorbed in the micropores. The latter is related to the actual micropore volume W o =N ao Vm' where Vm represents the molar volume of the liquid-like adsorbate. The characteristic energy of adsorption, Eo, depends on the solid and~is a scaling factor depending on the adsorptive (it is equal to unity for benzene, by convention).
As shown previously (Lavanchy et al. 1996) , the use of the classical DR equation leads to an analytical solution for equation (1) 
Taking into account equation (2) and assuming an ideal adsorbed state, the adsorption equilibrium for a binary mixture of vapours is given by the condition "'1(P/X a 1) ="'2(P/X a 2)
From this, the mole fractions x\ and x a 2 = 1 -x\ can be calculated by an iterative procedure, the partial pressures PI and P2 being known. Finally, the actual amounts adsorbed, n\ and n a r are obtained as described elsewhere (Lavanchy et al. 1996; Myers and Prausnitz 1965) .
EXPERIMENTAL
The adsorption of the pure components, benzene and 1,2-dichloroethane, was carried out at 293 K on carbon U-02, a typical active carbon of industrial origin, used in the previous study. The main characteristics of the adsorptives and of the solid (DR equation) are given in Table 1 .
Parameters Eoand Wowere obtained from the individual adsorption isotherms, determined under the same experimental conditions as the mixture (Headspace-Gas Chromatography, described earlier). It appears that slightly different values of W o and Eo are obtained, which is probably due to structural factors and to the presence of air. 0.448 X 10-3 17.0 X 10 3 1.000 9.985 x 10 3 1.132 X 10-3 88.97 x IQ-'I 0.482 X 10-3 15.6 X 10 3 0.912 8.339 x 10 3 1.165 X 10-3 78.92 x IQ-'I For the system benzene + 1,2-dichloroethane adsorbed on carbon V-02, the vapour/solid equilibrium was determined at 293 K by using the Headspace-Gas Chromatography technique described in detail previously (Lavanchy et al. 1996) by adding 0.5-3 mmol of liquid to 0.5--0.6 g of carbon contained in vials of known volume (12.50 ± 0.05 em'), The equilibrium pressures and the amounts adsorbed were determined from standard GSC chromatography techniques. A total of 102 experiments were performed on this system, covering the range of mole fractions 0.06 < x' < 0.93. The total amounts adsorbed (0.9-5.4 mmol/g) correspond to adsorbed volumes WadS between 0.08 and 0.44 cmvg,
The liquid/solid equilibrium at 293 K was examined separately by a classical technique based on the change of refractive index in the solution and the mass balance between the two phases. This allows the determination of the affinity coefficients "fLS of the two components in the adsorbed phase in equilibrium with the liquid mixture for the composition range 0.1 < x' < 0.95. Table 2 shows a selection of typical results obtained for the mixed adsorption of benzene + 1,2dichloroethane vapours by active carbon V-02 at 293 K. The best fit is obtained if one uses the individual values W Oi and E Oi of the adsorptives as requested by the theory. (In the case of the system C~H~Cl + CCI 4 , examined previously, the micropore volumes WOI and the characteristic energies Eo; were much closer and it was possible to use average values, respectively 0.468 x 10-3 mvkg and 16.1 kJ/mol.)
RESULTS AND DISCUSSION
The data listed in Table 2 show that the calculated and experimental values of the total amounts adsorbed, n lnt , are in good agreement. This may be regarded as a first test of the MPD approach. Table 2 also gives information on the selectivity of the carbon for benzene relative to 1,2dichloroethane, a quantity defined (Valenzuela and Myers 1989) by the ratio Sl.2 =(x'/YY(X'/Y2)
The calculated and experimental values of Sl.2 show the same trend and it appears that the selectivity is highest for small values of x·(C6H~) and small amounts adsorbed n lnt , or the corresponding volume Wads' The variation of Sl.2 with x· can be explained in terms of the heterogeneity of the adsorbent (Myers 1983; Sircar 1991) and of the influence of the pore size, as illustrated by the simulations of Tan and Gubbins (1992) . In the final analysis, the two approaches are complementary since pores sizes and adsorption energies are related. This has been examined by different authors, for example Stoeckli (1974) , Everett and Powl (1976) , Stoeckli et al. (1982) , Horvath and Kawazoe (1983), and Rudzinski and Everett (1992) . .
F. Stoeckli et al./Adsorption Science & Technology Vol. 15 No.9 1997 It has been shown that a good fit can be obtained for SI.2 by using a Langmuir equation with either a two-site model (Myers 1983) or an energy distribution (Sircar and Myers 1988; Sircar 1991) . From a formal point of view,the latter is in agreement with our approach based on Dubinin's theory, since it can be shown that its fundamental equation (4) results from an integral transform of a local isotherm and an adsorption energy distribution (Stoeckli et ai. 1982; Rudzinski and Everett 1992) . The variation of Sl,2 with the degree of micropore filling, 9, is also a direct consequence of the variation of the adsorption potential with the degree of micropore filling, 9 =W.dslW0' as predicted by Dubinin's theory.
This illustrates the advantage of using the Dubinin-Radushkevich equations in the framework of the Myers-Prausnitz approach to describe multiple adsorption in microporous carbons. Moreover, the Dubinin-Astakhov equation allows additional flexibility through its variable exponent n.
In spite of the good agreement observed for the selectivity SI.2' Table 2 reveals systematic deviations between the calculated and experimental mole fractions for x"< 0.3-0.4. Since the deviations are larger than the experimental uncertainties, one may assume that Raoult's law is not followed in the adsorbed state, as observed for the adsorption from the liquid mixture (Kipling and Tester 1952) . Consequently, equation (6) should take the form (8) There are two additional unknowns, g\ and g'2' and therefore equation (8) is not sufficient even if the pressures and the compositions are known. However,a first estimate can be obtained by assum-ing that ga 2 , the activity coefficient of 1,2-dichloroethane, is close to unity for x a 2 > 0.6-0.7 and equation (8) becomes (9) By introducing the experimental data for the mole fractions x a l and x\ =I -x\ (Table 2) , equation (9) can be solved for g"I' the activity coefficient of benzene at mole fractions x a l < 0.35. A symmetrical procedure can be applied to 1,2-dichloroethane at mole fractions x a 2 < 0.25 to calculate ga 2 • The two sets of approximate activity coefficients, ga~o' are given in Table 3 . It appears, that to a first approximation, ga M Po does not depend on the degree of micropore filling q. The accuracy of these coefficients lies within 10% and it appears that at low concentrations they are both smaller than unity. Table 3 also shows the values of the activity coefficients 1' LS obtained from the study of the liquid/solid equilibrium. It appears that the values obtained for the regions of low concentrations are very similar to 1'MPO' This suggests that in the adsorbed phase the activity coefficient depends more on the composition than on the degree of micropore filling e, at least for e>0.1. The activity coefficients 1' LS obtained in this study are similar to those reported by Blackburn et al. (1957) on the basis of the work of Kipling and Tester (1952) . The latter investigated the liquid/solid equilibrium for the mixture of benzene + 1,2-dichloroethane adsorbed on an activated coconut charcoal.
Although no information is available for this carbon, it may be assumed that it was similar to our material and had relatively wide pores. The agreement between the calculated and experimental values of the mole fractions x a can be improved by introducing into equation (8) the experimental, and therefore independent, values of the activity coefficients 1'LS' Under these conditions, as illustrated by Figure I , the overall fit leads to a standard deviation 0'. =±0.03, against ±0.05 in the case of an ideal adsorbed state ( Table 2) .
The present study illustrates the possibilities offered by the MPD method for the prediction of static adsorption of vapour mixtures by active carbon beds and consequently by microporous adsorbents in general. This approach has already been applied to the description of dynamic adsorption by computer simulation, where a good agreement has been observed between the calculated and the experimental breakthrough curves for a number of binary vapour mixtures (Lavanchy and Stoeckli 1997 
